Dissecting Roles of Cav1.2 (α1C) Intracellular Loops in Cardiac Excitation-Contraction Coupling  by Subramanyam, Prakash et al.
446a Tuesday, February 18, 2014for intermediates along the reaction pathway of DHFR to elucidate the confor-
mational changes and the variation of the electrostatic microenvironments dur-
ing catalysis.
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Using Quantum Mechanics in Biological Structure Refinement
Kenneth M. Merz.
Michigan State University, East Lansing, MI, USA.
The starting point for structure-based drug design (SBDD) efforts is a high
quality structural model obtained using X-ray crystallography or NMR spectro-
scopic techniques. In most instances classical tools are used as structural surro-
gates in X-ray and NMR refinement protocols in order to improve the
parameter to observation ratio realized from these experimental techniques.
While classical approaches are useful structural surrogates, they do suffer
from a number of issues that affect their performance including: electrostatic
modeling, parameter defects and missing parameters. The way in which these
issues can be mitigated is to use more robust structural theories like quantum
mechanical (QM) methods, which have had a tremendous impact on our under-
standing of "small" chemical and biological systems. In this talk we will focus
on the application of ab initio QM methods to refine protein/ligand complexes
for use in SBDD applications using NMR and X-ray methods. We will discuss
the computational details and describe several uses of QM in structure refine-
ment efforts using NMR and X-ray datasets. The strengths and weaknesses of a
QM approach in structure refinement will be discussed as well as future pros-
pects of this strategy.
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Classical and Mixed Quantum Mechanical/Molecular Mechanical
(Qm/Mm) Simulations of G Protein Coupled Receptors
Ursula Rothlisberger.
Swiss Federal Institute of Technology, Lausanne, Switzerland.
We use a combination of classical and quantum mechanical (QM/MM) simu-
lation methods to study the structural, dynamical and optical properties of the
prototypical G protein coupled receptor (GPCR) rhodopsin along the photo-
cycle and assess the possible role of aggregation and lipid interaction for early
signal transduction [1-3].
Our simulations predict structures of the early photointermediates batho and
lumi that are in good agreement with the available experimental data. In addi-
tion we are able to predict a structure of the Blue shifted intermediate BSI, for
which no experimental high-resolution structure is available yet. Applying
techniques from machine learning, we are also able to identify the main factors
responsible for the distinct color shifts between the early intermediates.
Comparison of our results with those obtained for the other GPCRs, b1 and b2
adrenergic receptors [4-6] helps to characterize some of the common features as
well as variations among different members of Class A GPCRs.
[1] U. Roehrig, L. Guidoni, and U. Rothlisberger, Biochemistry 41, 10799
(2002).
[2] U. Roehrig, L. Guidoni, A. Laio, I. Frank, and U. Rothlisberger, J. Am.
Chem. Soc. 126, 15328 (2004).
[3] M. Neri, S. Vanni, I. Tavernelli, and U. Rothlisberger, Biochemistry 49,
4827 (2010).
[4] S. Vanni, M. Neri, I. Tavernelli, and U. Rothlisberger, Biochemistry 48,
4789 (2009).
[5] S. Vanni, M. Neri, I. Tavernelli, and U. Rothlisberger, J. Mol. Biol. 397,
1339 (2010).
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Platform: Excitation-Contraction Coupling
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Biochemical, Cellular and Electrophysiological Characterization of
HMCL-7304 a Human Skeletal Muscle-Derived Cell Line
Ori Rokach1, Nina D. Ullrich2, Martin Rausch3, Haiyan Zhou4,
Francesco Muntoni4, Francesco Zorzato1,5, Susan Treves1,5.
1Basel University Hospital, Basel, Switzerland, 2University of Bern, Bern,
Switzerland, 3Novartis Biomedical Institute, Basel, Switzerland, 4Dubowitz
Neuromuscular Center, London, United Kingdom, 5University of Ferrara,
Ferrara, Italy.
In the past years a number of techniques have been developed to isolated single
muscle fibers from small rodents allowing detailed investigations of the excita-
tion contraction (EC) coupling mechanism at the ultrastructural, biochemical
and cellular levels in normal and pathological conditions. Because of their
high degree of differentiation and specialization however, it is difficult to main-
tain differentiated muscle fibers in culture for more than a few days and it isnearly impossible to obtain mature fibers starting from precursor satellite cells.
However, starting from newborn mice one can obtain cultures of contracting
and striated myotubes that can be used for a number of manipulations. As to
human muscle cells, primary cultures can be obtained in vitro by culturing sat-
ellite cells from biopsies and differentiating them into myotubes, but there is a
clear necessity to develop cell lines from control and diseased individuals
which will develop into myotubes. In the present investigation we characterized
for the first time the excitation contraction coupling machinery of HMCL-7304
an immortalized human skeletal muscle cell line. Intracellular Ca2þ measure-
ments showed a normal response to pharmacological activation of the ryano-
dine receptor whereas super resolution structured illumination microscopy
(3D-SIM) revealed a low level of structural organization of ryanodine receptors
and dihydropyridine receptors. Interestingly, the expression levels of several
transcripts of proteins involved in calcium homeostasis and differentiation indi-
cate that the cell line has a phenotype closer to that of slow twitch than fast
twitch muscles. These results point to the potential application of such human
muscle-derived cell lines to the study of neuromuscular disorders; in addition
they may serve as a platform for the development of therapeutic strategies
aimed at correcting defects in calcium homeostasis due to mutations in genes
involved in calcium regulation.
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Structural and Binding Studies of the Cav1.1 b1A Subunit
Marco G. Casarotto1, Yamuna Karunasekara1, Shouvik Aditya1,
Jean Cappello1, Angela F. Dulhunty1, Philip G. Board1, Aaron J. Oakley2,
Nicole C. Norris1.
1Australian National University, Canberra, Australia, 2University of
Wollongong, Wollongong, Australia.
Excitation-contraction (EC) coupling in skeletal muscle requires a physical
coupling between the voltage-gated calcium channel (Cav1.1) in the surface
membrane and the skeletal ryanodine receptor (RyR1) Ca2þ release channel
in the membrane of the sarcoplasmic reticulum Ca2þ store. Although the exact
molecular mechanism of EC coupling is unresolved, both the a1s and b1a sub-
units of Cav1.1 are essential for this process. The b1a subunit has a modular
structure consisting of SH3/guanylate kinase (GK) domains separated by a var-
iable hook region. The GK domain binds with high affinity to the I-II loop of
the a1 subunit, but the functional significance of the SH3 domain remains
undefined.
Until now the structure of the Cav1.1 b1a subunit has not been experimentally
determined, but other Cav b-isoform structures have suggested that the SH3
binding site is occluded, preventing binding to polyproline-rich partners.
This prediction is at odds with our findings that show the Cav1.1 b1a subunit
and the a1s subunit II-III loop interact (Kd = ~3 mM). We demonstrate that
this interaction takes place through the SH3 domain of the b1a subunit and a
proline-rich region of the a1s II-III loop, which has previously been shown
to be critical for skeletal-type EC-coupling (1). Through mutational studies
we demonstrate that isoform-specific differences in the SH3 RT loop enable
the interaction of the b1a SH3 domain with proline-rich binding motifs.
Our determination of the crystal structure of Cav1.1 b1a provides the first op-
portunity to examine differences between this isoform and other published
structures. In light of this novel structure and binding data, we discuss the spe-
cific role of the b1a subunit in EC coupling and its relationship with the Cav1.1
a1 subunit and RyR1.
1. Kugler, G. et al (2004). J Biol Chem 279(6): 4721-4728.
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Dissecting Roles of Cav1.2 (a1C) Intracellular Loops in Cardiac
Excitation-Contraction Coupling
Prakash Subramanyam, Donald D. Chang, Henry M. Colecraft.
Physiology and Cellular Biophysics, Columbia.University, New York, NY,
USA.
Cardiac excitation-contraction (EC) coupling relies on Ca2þ-induced Ca2þ
release (CICR) enabled by an intimate relationship between L-type (CaV1.2)
channels and ryanodine receptors (RyRs) at dyadic junctions. The determinants
underlying CaV1.2/RyR functional proximity responsible for effective CICR
are unknown, but likely entail protein interactions involving one or more intra-
cellular loops of CaV1.2 pore-forming a1C subunit. We hypothesized that
over-expressing a1C intracellular loops that play a critical role in CaV1.2/
RyR communication would disrupt CICR in cardiomyocytes. We used adeno-
viruses to overexpress CFP-tagged a1C intracellular loops and termini (NT, I-
II, II-III, III-IV, CT) in cardiomyocytes and determined their impact on field-
stimulation-evoked rhod-2-reported Ca2þ transients. Over-expressed NT, II-
III, and III-IV loops had minimal effect on CICR. By contrast, over-
expressed I-II and CT produced dramatic disruption of EC coupling character-
ized by two distinct signatures: a sharp augmentation in CICR failure, and an
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coupling was not due to a gross misalignment of CaV1.2 and RyR as reported
by co-immunolocalization assays. Surprisingly, overexpressed I-II had no
impact on CaV1.2 current (ICa,L), whereas CT strongly suppressed ICa,L.
The results identify a dominant role for I-II and CT in establishing CaV1.2/
RyR functional interrelationship, and suggest a new approach to dissect molec-
ular components and interactions critical for CICR in the heart.
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PIP2 Modulates T-Tubule Remodeling During Heart Failure by Working
as a Binding Substrate for BIN1
Neha Singh, Suresh K. Verma, William Marszalec, Gary L. Aistrup,
Raj Kishore, J Andrew Wasserstrom.
Northwestern University, Chicago, IL, USA.
The membrane curvature-forming protein BIN1 is known to be involved in T-
tubule formation. Phosphatidylinositol-4,5-bisphosphate (PIP2) has been
shown to anchor BIN1 and maintain its localization to the sarcolemma. Since
heart failure (HF) is characterized by T-tubule remodeling and dyssynchronous
Ca2þ release, we hypothesized that PIP2-mediated targeting of BIN1 to sarco-
lemma is compromised during the development of HF and is responsible for T-
tubule remodeling. We developed an in-vitro model using HL1 cells that devel-
oped tubule-like extensions during BIN1 overexpression. These exogenous
BIN1-induced tubules were continuous with the sarcolemma (RH-237 staining)
similar to T-tubules in ventricular myocytes. To further understand if the BIN1/
PIP2 complex is disrupted in HF, we depleted PIP2 in HL1 cells by inhibition
of PI4K or activation of PLCb1. We treated transfected HL1 cells with wort-
mannin, endothelin-1 (Et-1), m-3M3FBS and a combination of Et-1 þ m-
3M3FBS. Treated cells showed significantly more tubule degeneration
compared to non-treated cells and membrane PIP2 levels decreased as
measured by transfecting HL1 cells with a fluorescent PIP2 reporter (PLCd1-
PH-GFP construct). To further determine whether depletion of PIP2-
mediated T-tubules loss is correlated with defects in Ca2þ cycling, we isolated
adult rat ventricular myocytes, treated them with the same PIP2 depletion
agents, then stained them with di-4-ANEPPS in order to assess T-tubule orga-
nization. All treated cells showed significantly reduced T-tubule organization
than control cells. We also measured Ca2þ cycling in these cells during basal
(2000ms) and rapid (1000ms) pacing using flou-2AM. Ca2þ release was de-
layed in certain cellular regions in treated myocytes and rise time, time to
peak and decay time were significantly increased at both pacing rates. These
results show that depletion of PIP2 can lead to T-tubule disruption and suggests
that PIP2 is required for T-tubule maintenance and function.
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Spatio-Temporal Relationship Between T-Tubular Electrical Activity and
Ca2D Release in Heart Failure
Claudia Crocini1, Raffaele Coppini2, Cecilia Ferrantini2, Ping Yan3,
Leslie M. Loew3, Chiara Tesi2, Elisabetta Cerbai2, Corrado Poggesi2,
Francesco S. Pavone1, Leonardo Sacconi1.
1University of Florence, Sesto Fiorentino (FI), Italy, 2University of Florence,
Florence, Italy, 3University of Connecticut Health Center, Farmington, CT,
USA.
T-tubules (TT) are invaginations of the surface sarcolemma (SS) that conduct
the action potential (AP) to the cardiomyocyte core. Previously, we observed
that TT structural remodeling in a rat model of post-ischemic heart failure
(HF) was associated with abnormal electrical activity in several t-tubular el-
ements (Sacconi et al. PNAS 2012). To clarify the link between TT abnor-
malities and Ca2þ-dependent arrhythmias, we combined the advantages of
an ultrafast random access multi-photon (RAMP) microscope with a double
staining approach to optically record t-tubular AP and, simultaneously, the
corresponding local Ca2þ-transient in different positions across the cardio-
myocytes. Despite a uniform AP between SS and TT at steady-state stimula-
tion, in control cardiomyocytes we observed a non-negligible beat-to-beat
variability of local Ca2þ transient amplitude and kinetics. The beat-to-beat
variability was quantitatively similar to the one observed among different tu-
bules during the same beat (spatial variability) and both were significantly
reduced by 0.1mM Isoproterenol, which increases the opening probability
of Ca2þ-release units. As previously demonstrated, some tubular elements
fail to propagate AP in rat failing cardiomyocytes. By separately averaging
tubules conducting (APþ) or not conducting AP (AP-), we found that
Ca2þ-transient amplitude was reduced and Ca2þ-transient rise was slower
in AP- tubules compared to APþ tubules. Both beat-to-beat and spatial vari-
ability of Ca2þ-transient kinetics were increased in HF. Finally, TT that did
not show AP, occasionally displayed spontaneous depolarizations that were
never accompanied by local Ca2þ-release in the absence of any pro-
arrhythmogenic stimulation. Simultaneous recording of AP and Ca2þ-tran-sient allows us to probe the spatio-temporal variability of Ca2þ-release,
whereas the investigation of Ca2þ-transient in HF discloses an unexpected
uncoupling between t-tubular depolarization and Ca2þ-release in remodeled
tubules.
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Non-Linear Relationship Between T-Tubule Remodeling and Sr Calcium
Release in Failing Rat Ventricle
Jasleen Singh, Nikhil Bassi, Shannon Tai, Shruthi Mothkur,
William Marszalec, Neha Singh, Gary L. Aistrup, J. Andrew Wasserstrom.
Medicine, Northwestern University Feinberg School of Medicine, Chicago,
IL, USA.
T-tubule remodeling in heart failure (HF) may be responsible for abnormal
intracellular Ca2þ cycling. The goal of this study was to investigate the rela-
tionship between T-tubule remodeling and Ca2þ release. Ca2þ transients and
t-tubules were measured in individual myocytes in intact hearts from sponta-
neously hypertensive rats maintained on the stage of a confocal microscope.
T-tubule organization was measured as the organizational index (OI) using a
fast Fourier transform. T-tubule remodeling occurred in a progressive manner
through stages ranging from a highly organized network to regional loss of t-
tubules and development of longitudinal tubules, finally showing gross loss of
tubules and occasional bright punctate staining. Ca2þ release reflected the loss
of T-tubules as an increase in the standard deviation (Heterogeneity Index, HI)
in the time to 50% of peak Ca2þ (TR50) along the myocyte, indicating that the
regional loss of T-tubules is responsible for increased heterogeneity of Ca2þ
release. Rapid pacing (BCL= 350msec) increased HI at low OI compared to
slow basal pacing (700msec), indicating that Ca2þ release heterogeneities
are exaggerated at higher heart rates. The relationship between OI and TD50
HI was non-linear; there was little effect on TR50 HI until OI fell from a
normal above 0.75 to below 0.65, where TD50 HI increased sharply with
OI. The relationship between OI and TR50 HI was well-described by an expo-
nential function. Our data show that extensive T-tubule remodeling in HF is
required before significant changes occur in Ca2þ release, suggesting inherent
redundancy in insuring that Ca2þ cycling is maintained during early T-tubule
loss. T-tubule remodeling causes a non-linear increase in the variability in
Ca2þ release along the cell length as Ca2þ-induced Ca2þ release efficiency de-
creases with distance from trigger Ca2þ provided by the closest L-type Ca2þ
channels.
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Cardiomyocyte Calcium Handling Dysfunction at High Stimulation Fre-
quencies; Increase in Post-Myocardial Infarction Heart Failure and
Decrease by Exercise Training
Ole J. Kemi, Alex S. Johnston, Godfrey L. Smith.
Institute of Cardiovascular and Medical Sciences, University of Glasgow,
Glasgow, United Kingdom.
Ca2þ transient alternans, ie incomplete 1:2 Ca2þ transients, have been linked to
contractile dysfunction at high heart rates in heart failure (HF). We investi-
gated the effect of post-myocardial infarction (MI) HF and the therapeutic ef-
fect of exercise training on cardiomyocyte Ca2þ handling during increased
electrical twitch-stimulation frequencies, in coronary artery-ligated Wistar
rats. 4-weeks post-surgery, aerobic exercise training was initiated, with
sham-operated (SHAM) and sedentary MI HF rats as controls. MI HF was
confirmed by reduced exercise capacity, pathologic cardiomyocyte hypertro-
phy, and reduced cardiomyocyte contraction and Ca2þ transient amplitude
(all 20-40%; p<0.01). Exercise training partly reversed these effects (all
p<05 vs MI HF). When increasing twitch-stimulation frequencies 1-4Hz,
SHAM cells increased fractional shortening 20% (p<0.05), whereas MI HF
cells decreased fractional shortening during 1-4Hz 40% (p<0.01). Ca2þ tran-
sient amplitude mirrored these effects. Exercise training restored a positive
contraction-frequency relationship (p<0.05) and partly reversed Ca2þ transient
amplitude deterioration during increased twitch-stimulation frequencies
(p<0.05). Next, MI HF associated with a 4-fold increase in the occurrence
of Ca2þ transient alternans; 16% of MI HF cardiomyocytes vs 4% of SHAM
cardiomyocytes displayed this behavior (p<0.01). Exercise training did not
alter this (14%; p>0.05 vs MI HF), but it shifted the occurrence of Ca2þ tran-
sient alternans to higher twitch-stimulation frequencies (median frequency
SHAM: 4Hz, MI HF 2Hz, MI HF after exercise training 4Hz; p<0.05). Finally,
Ca2þ transient alternans magnitude (difference 1:2 Ca2þ transient) increased in
MI HF cardiomyocytes (25-50% in MI HF vs 10-20% in SHAM; p<0.05); ex-
ercise training partly corrected this (20-30%; p<0.05 vs MI HF). In conclu-
sion, exercise training partly reversed cardiomyocyte Ca2þ handling
abnormalities observed during increasing twitch-stimulation frequencies in
post-MI HF. This suggests a mechanism for improving reserve capacity and
reducing arrhythmia susceptibility.
